The molecular mechanism underlying morphine-induced Akt activation: roles of protein phosphatases and reactive oxygen species.
Although Akt is reported to play a role in morphine's cardioprotection, little is known about the mechanism underlying morphine-induced Akt activation. This study aimed to define the molecular mechanism underlying morphine-induced Akt activation and to determine if the mechanism contributes to the protective effect of morphine on ischemia/reperfusion injury. In cardiac H9c2 cells, morphine increased Akt phosphorylation at Ser(473), indicating that morphine upregulates Akt activity. Phosphatase and tensin homolog deleted on chromosome 10 (PTEN), a major regulator of the phosphatidylinositol 3-kinase (PI3K)/Akt signaling, was not involved in the action of morphine on Akt activity. Morphine decreased the activity of PP2A, a major protein Ser/Thr phosphatase, and inhibition of PP2A with okadaic acid (OA) mimicked the effect of morphine on Akt activity. The effects of morphine on PP2A and Akt activities were inhibited by the reactive oxygen species (ROS) scavenger N-(2-mercaptopropionyl)glycine (MPG) and the mitochondrial K(ATP) channel closer 5-hydroxydecanoate (5HD). In support, morphine could produce ROS and this was reversed by 5HD. Finally, the cardioprotective effect of morphine on ischemia-reperfusion injury was mimicked by OA but was suppressed by 5HD or MPG, indicating that protein phosphatases and ROS are involved in morphine's protection. In conclusion, morphine upregulates Akt activity by inactivating protein Ser/Thr phosphatases via ROS, which may contribute to the cardioprotective effect of morphine.